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However, it is unclear whether it has additional positive
effects with regard to the postoperative recovery of the
patients. Theoretically, the ministernotomy should
result in more chest stability and less postoperative
pain, which should result in better postoperative pul-
monary function and therefore better postoperative
recovery than that seen in patients who undergo a total
median sternotomy. To date, there is no study to prove
these theoretic advantages of the less-invasive approach
for coronary bypass grafting. The aim of this prospec-
tive randomized study was to compare postoperative
pulmonary function in patients who undergo elective
coronary artery bypass operations, either through a par-
tial inferior median sternotomy or through a standard
complete median sternotomy.
A partial inferior median sternotomy, a new approachin cardiac operations, clearly offers an important
cosmetic advantage when compared with the standard
sternotomy because of a shorter skin incision and a
more acceptable postoperative scar. In contrast to the
conventional full-length sternotomy, a partial inferior
sternotomy does not include splitting of the proximal
part of the sternum (manubrium sterni) and therefore
preserves the stability of the superior thoracic aperture.
Objectives: Less-invasive approaches in cardiac operations offer certain cos-
metic advantages, but it is unclear whether there are additional positive
effects with regard to the postoperative recovery of patients. The aim of this
prospective and randomized study was to ascertain whether partial inferior
midline sternotomy can improve pulmonary function, one of the best quan-
tifiable parameters of postoperative recovery, after coronary artery bypass
operations when compared with the standard full midline approach.
Methods: One hundred patients scheduled for elective coronary artery
bypass grafting were randomized either for a full median sternotomy (stan-
dard sternotomy group, n = 50) or for a partial inferior sternotomy (mini-
sternotomy group, n = 50). The following pulmonary features were assessed:
vital capacity, forced expiratory volume, percentage of forced expiratory vol-
ume from vital capacity, total lung capacity, residual volume, maximum
inspiratory pressure, and maximum expiratory pressure. Tests were per-
formed preoperatively and on the fourth and tenth postoperative days.
Results: On the fourth postoperative day, both groups had a significant
decrease in vital capacity (percentage of predicted values) when compared
with preoperative values (preoperative vs fourth day: standard sternotomy
group, 87.8% ± 14.3% vs 42.1% ± 10.2% [P < .0001]; ministernotomy
group, 84.5% ± 14.3% vs 41.5% ± 11.8% [P < .0001]), with a significant
tendency for recovery from the fourth to the tenth postoperative day (fourth
vs tenth postoperative day: standard sternotomy group, 42.1% ± 10.2% vs
66.3% ± 12.3% [P = .001]; ministernotomy group, 41.5% ± 11.8% vs 61.3%
± 13.1 % [P = .002]). There were no differences in any test results between
the groups on either the fourth or the tenth postoperative day.
Conclusion: A less-invasive approach for coronary artery bypass operations
with a partial inferior sternotomy does not improve early postoperative pul-
monary function when compared with the conventional approach with a full
sternotomy. (J Thorac Cardiovasc Surg 2001;121:702-7)
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Patients and methods
One hundred patients who underwent elective first-time
coronary artery bypass grafting were randomized (computer-
generated randomization) into 2 groups with 50 patients in
each: the conventional group with a standard complete medi-
an sternotomy (standard sternotomy group) and the less-inva-
sive group with a partial inferior median sternotomy (mini-
sternotomy group). The exclusion criteria for participation in
the study were left ventricular function of less than 30% and
a body mass index not exceeding 35 (normal value, 21-29).
There were no differences in the demographic and preopera-
tive data between the groups (Table I). The study was
approved by The Ethical Committee of the Charité Medical
School, Humboldt University of Berlin, and all patients pro-
vided written informed consent.
Except for the different surgical approaches (ministernoto-
my vs standard sternotomy), the operation was done with the
same technique in all patients. The ministernotomy was per-
formed according to the technique for partial inferior ster-
notomy described by Moreno-Cabral1 and further modified by
Walterbusch.2 It includes complete median splitting of the cor-
pus sterni. The manubrium sterni was cut from the corpus
sterni in an inverted V-shaped line in the second intercostal
space (Fig 1). This type of partial sternotomy allows aortic
cannulation near the pericardial fold, obviates the need for a
special retractor for the manubrium, and helps to keep the skin
incision as short as possible. The standard instruments, cannu-
las, and heart-lung machine were the same for both types of
sternotomy and for further surgical procedures. In brief, oper-
ations were carried out either through a standard full median
or a partial inferior median sternotomy (according to the ran-
domization) by using standard cardiopulmonary bypass and
moderate systemic hypothermia of 30°C. Cardioplegic arrest
was obtained with aortic root infusion of crystalloid cardio-
plegic solution (Cardioplegin), followed by the infusion of
cold hydroxyethylene starch solution and topical cooling.
Myocardial protection was maintained by repeated infusion of
cold hydroxyethylene starch solution every 20 minutes there-
after. Aprotinin (1.5 million KIU into the pump prime and
500,000 KIU/h intravenously) was given if the patient had
received platelet inhibitors in the 7 days before the operation.
The mean number of distal anastomoses per patient was 2.9 ±
0.52 (range, 2-4 anastomoses) for the ministernotomy group
and 2.8 ± 0.64 (range, 1-4 anastomoses) for the standard ster-
notomy group (difference between the groups, P = .561). If
revascularization of the left anterior descending artery was
indicated, the left internal thoracic artery (LITA) was used.
Therefore, it was used in 48 (96%) patients of the group with
the ministernotomy and in 40 (80%) patients with the standard
sternotomy. LITAs were harvested by the no-touch technique
and without opening the left pleural space. When used, the
LITA was always anastomosed to the left anterior descending
artery. The anesthesia protocol included induction with etomi-
date and fentanyl, pancuronium for muscle relaxation, and
propofol infusion for maintenance of anesthesia. The postop-
erative management of the patients was according to the stan-
dard protocol of our institution. A standard postoperative reg-
imen of analgesic medication includes piritramide, 7.5 mg, or
morphine, 5.0 mg, intravenously up to 6 times every 24 hours
during the first 2 to 3 postoperative days and later includes tra-
madol, 20 drops 3 times per day orally.
Pulmonary function was assessed by means of constant vol-
ume body plethysmography (Master Lab, Jäger, Würzburg,
Germany). For final analysis, we selected vital capacity (VC),
forced expiratory volume in 1 second (FEV1), percentage of
forced expiratory volume in 1 second from VC, total lung
capacity (TLC), and residual volume. Muscle-related breath
impulse was assessed by measuring maximum inspiratory pres-
sure and maximum expiratory pressure. All measurements were
Table I. Demographic and operative data
Standard Ministernotomy
sternotomy group
Variable group (n = 50) (n = 50) Significance
Age (y) 61.9 ± 8.2 62.9 ± 9.7 .33
Male sex (n) 39 41
Female sex (n) 11 9
Body mass index 26.9 ± 3.3 26.8 ± 3.1 .73
(kg/m2)
LV ejection 57.0 ± 13.2 59.6 ± 12.8 .37
fraction (%)
Two-vessel 17 13
disease (n)
Three-vessel 33 37
disease (n)
LV, Left ventricular.
Fig 1. A diagram of the ministernotomy. Partial inferior ster-
notomy includes splitting of the corpus sterni, but the manu-
brium sterni is left intact.
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done according to the guidelines of the European Respiratory
Society and expressed in percentages of predicted values.3
The tests were performed preoperatively and on both the
fourth and the tenth postoperative days. The last 2 were done
at our institution on an outpatient basis.
The following nonpulmonary data were assessed: total
operation time, pump time, aortic clamp time, intubation
time, time spent in the intensive care unit and the hospital,
postoperative blood loss during the first 24 hours, and trans-
fusion requirements.
Results are given as means ± SD. The data of pulmonary
function are presented both as a percentage of normal value
and as absolute values, and all measurements are compared
against both types of data, respectively. Statistical analysis
was done by the Student t test or the Mann-Whitney U test.
Results
After coronary artery bypass operations, the values
of the pulmonary function parameters VC, FEV1, TLC,
residual volume, maximum inspiratory pressure, and
maximum expiratory pressure dropped significantly on
the fourth postoperative day in both groups (Figs 2 and
3 and Tables II and III). Thereafter, the values of VC,
FEV1, and TLC improved in both groups until the tenth
postoperative day, but they did not reach the preopera-
tive values. However, there were no differences in any
test results between the 2 groups on either the fourth or
the tenth postoperative days (Figs 2 and 3 and Tables II
and III).
On the fourth postoperative day, the ministernotomy
group and the standard sternotomy group had VCs of 1.7
± 0.6 L and 1.7 ± 0.4 L, respectively, which were calcu-
lated to be 48.5% ± 13% and 50% ± 12% (difference
between the groups, P = .7) of the preoperative values,
respectively. When expressed as percentages of predict-
ed value, the levels of VCs on the fourth day and preop-
eratively were 42.1% ± 10.2% and 87.8% ± 14.3% (P <
.0001), respectively, for the standard sternotomy group
and 41.5% ± 11.8% and 84.5% ± 14.3% (P < .0001),
respectively, for the ministernotomy group (Fig 2). On
the tenth postoperative day, there were also no statisti-
Fig 2. Courses of VC after coronary artery bypass operations
in 50 patients with a standard full median sternotomy and 50
patients with a partial inferior sternotomy. The values are
shown as percentages of predicted normal values. Statistical
significance (P values) for the comparisons of the preopera-
tive values versus values on the fourth postoperative day,
fourth versus tenth postoperative day, and preoperative versus
tenth postoperative day, respectively, was as follows: P <
.0001, P < .0001, P < .0001 for the standard sternotomy
group and P < .0001, P < .002, P < .0001 for the minister-
notomy group. Statistical significance (P values) for the com-
parisons of the values between the standard sternotomy group
and the ministernotomy group preoperatively on the fourth
and tenth postoperative days, respectively, was as follows:
P = .31, P = .80, and P = .20. POD, Postoperative day.
Fig 3. Courses of FEV1 (mean ± 95% CI) after coronary
artery bypass operations in 50 patients with a standard full
median sternotomy and 50 patients with a partial inferior
sternotomy. The values are shown as percentages of predict-
ed normal values. Statistical significance (P values) for the
comparisons of the preoperative values versus values on the
fourth postoperative day, values on fourth versus tenth post-
operative day, and preoperative versus tenth postoperative
day, respectively, was as follows: P < .0001, P < .0001, and
P < .0001 for the standard sternotomy group and P < .0001,
P < .0001, and P < .0001 for the ministernotomy group.
Statistical significance (P values) for the comparisons of the
values between the standard sternotomy group and the mini-
sternotomy group preoperatively on the fourth and tenth post-
operative days, respectively, was as follows: P = .35, P = .57,
and P = .43. POD, Postoperative day.
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cally significant differences of the VC values between
the groups. The ministernotomy group and the standard
sternotomy group had VCs of 2.5 ± 0.7 L and 2.7 ± 0.7
L, respectively, which were calculated to be 71% ± 14%
and 73% ± 16% (P = .2) of the preoperative values,
respectively. When expressed as percentage of predicted
value, the levels of VCs on the fourth and the tenth days
were 42.1% ± 10.2% and 66.3% ± 12.3%, respectively
(P = .001), for the standard sternotomy group and 41.5%
± 11.8% and 61.3% ± 13.1%, respectively (P = .002),
for the ministernotomy group. However, there were still
significant differences between the preoperative values
and the actual values of VCs of each group on the tenth
postoperative day (Fig 2).
The values of FEV1 on the fourth postoperative day
were 1.3 ± 0.5 L and 1.3 ± 0.4 L for the ministernoto-
my group and the standard sternotomy group, respec-
tively, which were calculated to be the 49% ± 12.5%
and 49 ± 12% of the preoperative values, respectively
(difference between the group on the fourth postopera-
tive day, P = .57; Fig 3). The values of FEV1 on the
tenth postoperative day were 2.0 ± 0.6 L and 2.1 ± 0.5
L, respectively, which were 74% ± 12.5% and 71% ±
10% (P = .43) of the preoperative values, respectively.
Similar to the values of VCs, the preoperative and actu-
al values of FEV1 on the tenth postoperative day were
significantly different in both groups (Fig 3).
There was no conversion from the less-invasive
approach to the standard complete median sternotomy.
Postoperatively, in both groups there was one patient
with thoracotomy wound infection and sternal instabil-
ity. There were no differences between the groups with
regard to the duration of the operation, the pump time,
aortic crossclamp time, use of LITAs, postoperative
blood loss, duration of intubation, intensive care unit
stay, and the number of days to discharge from the hos-
pital (Table IV). The values of maximum creatine
kinase and creatine kinase MB fraction were signifi-
cantly higher in the ministernotomy group than in the
standard sternotomy group (Table IV). These findings
were not accompanied by clinical and electrocardio-
graphic signs of perioperative myocardial infarction in
any of the patients.
Discussion
Our study showed no beneficial effect of a minister-
notomy on early postoperative lung function after
elective coronary artery bypass grafting when com-
Table II. Lung function parameters in the standard sternotomy group preoperatively and on the fourth and tenth
postoperative days
Preoperative 4th POD % of  10th POD % of
Lung function absolute Preoperative % 4th POD 4th POD % preoperative 10th POD 10th POD preoperative 
parameter value of normal absolute value of normal value absolute value % of normal value
VC (L) 3.4 ± 0.8 87.8 ± 14.3 1.7 ± 0.4 42.1 ± 10.2 49.6 ± 12.3 2.7 ± 0.7 66.3 ± 12.3 73.4 ± 16.2
FEV1 (L) 2.7 ± 0.7 90.8 ± 17.9 1.3 ± 0.4 43.7 ± 11.2 49.4 ± 12.4 2.1 ± 0.5 67.2 ± 12.8 70.6 ± 9.6
FEV1%VC (%) 78.8 ± 9.4 103.4 ± 11.9 80.2 ± 12.4 104.9 ± 15.5 101.0 ± 14.8 77.1 ± 5.8 101.0 ± 6.6 97.8 ± 9.1
TLC (L) 6.2 ± 1.2 96.8 ± 12.8 3.7 ± 1.2 57.5 ± 14.7 60.9 ± 15.2 5.3 ± 1.1 79.4 ± 12.4 79.3 ± 9.8
RV (L) 2.8 ± 0.9 118.9 ± 32.4 2.0 ± 0.8 89.2 ± 33.9 80.6 ± 31.9 2.6 ± 0.9 105.9 ± 31.1 87.6 ± 12.7
PIMAX (kPa) 7.4 ± 2.7 71.5 ± 26.6 3.8 ± 1.8 36.2 ± 17.6 43.0 ± 17.1 5.4 ± 2.6 51.8 ± 24.7 79.8 ± 17.1
PEMAX (kPa) 8.9 ± 2.2 67.5 ± 16.5 5.2 ± 1.8 44.9 ± 17.0 52.3 ± 19.4 6.6 ± 2.0 54.9 ± 23.0 79.0 ± 22.4
POD, Postoperative day; FEV1%VC, percentage of FEV1 from VC; RV, residual volume; PIMAX, maximum inspiratory pressure; PEMAX, maximum expiratory pressure.
Table III. Lung function parameters in the ministernotomy group preoperatively and on the fourth and tenth post-
operative days
Preoperative 4th POD % of  10th POD % of
Lung function absolute Preoperative % 4th POD 4th POD % preoperative 10th POD 10th POD preoperative 
parameter value of normal absolute value of normal value absolute value % of normal value
VC (L) 3.5 ± 0.8 84.5 ± 14.3 1.7 ± 0.6 41.5 ± 11.8 48.5 ± 12.6 2.5 ± 0.7 61.3 ± 13.1 71.2 ± 13.9
FEV1 (L) 2.7 ± 0.74 87.0 ± 17.2 1.3 ± 0.5 42.4 ± 12.6 48.7 ± 12.5 2.0 ± 0.6 63.8 ± 14.9 73.7 ± 13.4
FEV1%VC (%) 77.9 ± 9.0 102.6 ± 12.4 77.4 ± 9.5 102.1 ± 12.3 101.3 ± 11.5 79.0 ± 6.7 103.7 ± 9.1 103.9 ± 9.4
TLC (L) 6.5 ± 1.4 96.5 ± 12.8 4.1 ± 1.2 59.6 ± 13.7 61.0 ± 14.1 4.9 ± 1.2 72.9 ± 12.9 71.8 ± 13.8
RV (L) 3.0 ± 0.8 124.9 ± 30.6 2.1 ± 0.7 86.7 ± 25.3 69.0 ± 21.5 2.3 ± 0.6 98.7 ± 21.5 76.1 ± 28.4
PIMAX (kPa) 7.16 ± 1.9 69.5 ± 19.1 3.8 ± 1.6 37.0 ± 15.8 65.8 ± 26.9 4.5 ± 1.4 43.1 ± 13.2 79.0 ± 17.0
PEMAX (kPa) 9.1 ± 1.1 68.7 ± 8.5 5.4 ± 2.3 44.1 ± 21.8 72.3 ± 26.4 6.3 ± 1.7 53.0 ± 21.0 87.5 ± 13.8
POD, Postoperative day; FEV1%VC, percentage of FEV1 from VC; RV, residual volume; PIMAX, maximum inspiratory pressure; PEMAX, maximum expiratory pressure.
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pared with standard median sternotomy. Regardless of
the type of sternotomy, a severe restrictive disturbance
of lung function and a diminished muscle-related
inspiratory impulse was noted in all patients early after
their operations. The results correlate well with many
lung function studies that describe the effects of car-
diac procedures,4,5 especially coronary bypass opera-
tions, performed through a standard median sternoto-
my.6-8 We evaluated postoperative lung function
because it is one of the best quantifiable parameters of
postoperative recovery. In this study we performed
pulmonary function tests only during the early postop-
erative period because it is widely known that the lung
function recovers to baseline levels after a period of 3
months.9-12
We did not compare a possible difference between
the postoperative analgesic requirements of the 2 study
groups, and we cannot answer whether there was any
difference in analgesic medication. Therefore, it
remains unclear whether the lack of difference between
the 2 approaches may simply be masked by increased
analgesic requirement in the full sternotomy group.
Although there was no statistical difference in regard
to the use of LITAs in both study groups, it could be
speculated that less use of LITAs in the full sternotomy
group in comparison with that in the ministernotomy
group (80% vs 96%) could lead to a better observed
pulmonary function in this group and therefore could
mask our results. However, the LITA preparation was
always performed without opening the left pleural cav-
ity, and therefore pulmonary function was further pre-
served, reducing the possibility of clouding the results.
The choice of a surgical approach and the type of sur-
gical procedure are the most important factors that
influence postoperative pulmonary function. A median
sternotomy (a standard approach for cardiac opera-
tions) preserves pulmonary function when compared
with a lateral thoracotomy (a standard approach for
lung resection procedures) because it is accompanied
by less postoperative pain and causes no compromise
of the chest muscle function.13,14 The advantages of
performing a lung procedure through a median ster-
notomy rather than a lateral thoracotomy are widely
known.13,14 However, cardiopulmonary bypass causes
an important reduction of pulmonary function. Because
of these negative effects of cardiopulmonary bypass,
the postoperative deterioration of lung function is sig-
nificantly more profound after cardiac operations than
after lung resection procedures performed through the
same surgical approach.15 This negative effect of extra-
corporeal circulation with regard to pulmonary func-
tion is significant, despite the use of the surgical
approach (a median sternotomy) that spares pulmonary
function. Thus, the question is whether the reduction of
the sternal incision has any further positive influence
on postoperative lung function. Presently, there is no
study that compares pulmonary function in patients
who undergo coronary bypass operations through a
partial inferior sternotomy and those operated on
through a full median sternotomy. Our study clearly
showed that the ministernotomy has no advantages
over the standard median sternotomy with regard to
postoperative pulmonary function in patients who are
undergoing coronary artery bypass operations. There is
a similar study that considered postoperative pul-
monary function in patients who underwent aortic
valve replacement.16 It also failed to prove the theoret-
ic advantages of the ministernotomy over the standard
median sternotomy. The study included only 20
patients with reversed L or C ministernotomy and 20
patients with full sternotomy. Lung function tests con-
centrated on VC and FEV1, which were done only once
Table IV. Operative and postoperative data
Variable Standard sternotomy group (n = 50) Ministernotomy group (n = 50) Significance
Operation time (min) 207.0 ± 47.3 192.7 ± 35.0 .09
Pump time (min) 85.9 ± 24.4 76.8 ± 22.7 .06
Aortic clamp time (min) 46.2 ± 15.6 42.0 ± 11.2 .12
No. of distal anastomoses (mean) 2.8 ± 0.64 2.9 ± 0.52 .561
LITA use (No. of patients) 40 48 .092
CK max (U/I) 282.6 ± 179.1 434.2 ± 338.1 .006
CKMB max (U/I) 18.0 ± 10.8 27.7 ± 16.4 .0008
Postoperative blood loss (mL/24 h) 648.8 ± 413.1 600.2 ± 332.2 .52
Transfusion requirement (mL) 435 ± 100.8 (n = 16) 472 ± 150.2 (n = 9) .56
Duration of intubation (min) 629.7 ± 803.2 483.2 ± 208.8 .22
ICU stay (h) 23.9 ± 17.8 19.5 ± 47.45 .11
Days to discharge from hospital 3.9 ± 1.8 3.6 ± 1.1 .64
CK, Creatine kinase; CKMB, creatine kinase MB fraction; ICU, intensive care unit.
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postoperatively before hospital discharge. The same
group published another study with 26 patients in the
ministernotomy group and 14 patients in the median
sternotomy group. The results were similar to those of
their first study.17 Obviously, the studies of Aris and
associates,16,17 as well as our study, showed that there
is no beneficial effect of less-invasive approaches on
postoperative lung function after cardiac operations. It
seems that the significant reduction of postoperative
lung function is influenced mostly by the use of car-
diopulmonary bypass and not by the length of skin and
sternal incisions.
In conclusion, our study failed to prove the possible
theoretic advantages of the partial inferior sternotomy
over the conventional median sternotomy with regard
to postoperative pulmonary function. The cosmetic
improvement should be considered as the main advan-
tage of a ministernotomy over the conventional ster-
notomy.
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